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INTRODUCTION

Over the last 3 decades, several population-
based studies have reported an overall in-
crease in the incidence of malignant pri-
mary brain tumors (1, 4, 6-9, 11, 14).
Although it has been generally accepted
that this phenomenon is at least in part
accounted for by higher detection rates
associated with the increasing frequency
and sensitivity of diagnostic imaging, it
remains to be determined whether the
true incidence of primary central nervous
system (CNS) tumors is independently in-
creasing as a result of environmental fac-
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Although many previous reports have an-
lyzed trends in the overall incidence of
liomas and various glioma subtypes, few
ecent studies have examined these trends
ccording to the anatomical subsites of pri-
ary malignant brain tumors over the last

everal decades (2, 10). Furthermore, no re-
ent studies have analyzed population-
ased incidence trends by both tumor grade
ubtype and anatomic location. Given the
ncreasing trends of primary malignant
rain tumors, we sought to determine
hether any notable trends in the anatomi-

al topography of primary CNS tumors have
ccurred. Data from 3 major population-
ased cancer registries were reviewed to

dentify any trends in the incidence of pri-

� BACKGROUND: This study sought
anatomical origin of primary malignan

� METHODS: Incidence data for his
obtained from the Los Angeles County
California Cancer Registry (CCR), and
lance, Epidemiology, and End Result
adjusted incidence rates (AAIR) an
calculated by histologic subtypes an
were performed using the SEER*Sta
software.

� RESULTS: Increased AAIRs of front
emporal (APC �1.3% to �2.3%, P < 0

tumors were observed across all regis
overlapping region GBMs (�2.0% to �
n the parietal and occipital lobes rema
ncreased according to CCR (APC �11

hich includes all anatomical subsite
.034). Low-grade and anaplastic astro
he majority of brain regions.

CONCLUSIONS: Data from 3 major
ncidences of GBMs in the frontal lob
ecreased incidences in other brain
ffect of diagnostic bias, the incidence

n these regions. The cause of these o
ary malignant brain tumors, their loca- e
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ion of origin, and various demographic
isk factors. The current study is the first to
nalyze population-based incidence trends
f malignant brain tumors according to an-
tomical parameters.

LINICAL MATERIALS AND METHODS

ata used in our analysis were obtained
rom 3 sources, the largest of which is the
ational Cancer Institute’s Surveillance,
pidemiology, and End Results (SEER) Pro-
ram (16). A signed limited-use data agree-
ent was obtained to access these data.

his program includes incidence and pop-
lation data associated by age, gender, race/

determine incidence trends of the
in tumors.

ically confirmed brain tumors were
ncer Surveillance Program (LAC), the

National Cancer Institute’s Surveil-
ER) program for 1992 to 2006. Age-
nual percent changes (APC) were

atomic subsites. Statistical analyses
alytic software and SAS statistical

PC �2.4% to �3.0%, P < 0.001) and
) lobe glioblastoma multiforme (GBM)
, accompanied by decreased AAIRs in

APC, P < 0.015). The AAIRs of GBMs
stable. The AAIR of cerebellar GBMs

, P < 0.001). The AAIR of all gliomas,
ecreased (�0.5% to �0.8% APC, P <

as demonstrated decreased AAIRs in

cer registries demonstrate increased
mporal lobe, and cerebellum, despite
ons. Although this may represent an
oth large and small tumors increased

rved trends is unknown.
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Table 1. Demographic Characteristics of Patients Harboring Gliomas in 3 Major Tumor Registries, 1992 to 2006

LA County CCR SEER 12 Registries

Number % Number % Number %

Total number 5736 100.0 10,412 100.0 22,419 100.0

Sex

Male 3154 55.0 5864 56.3 12,651 56.4

Female 2582 45.0 4548 43.7 9768 43.6

Age

0–19 476 8.3 711 6.8 1477 6.6

20–64 3141 54.8 5880 56.5 12,386 55.2

65� 2119 36.9 3821 36.7 8556 38.2

Ethnicity

Non-Hispanic white 3410 59.4 6776 65.1 18,658 83.2

Hispanic white 1514 26.4 2057 19.8 1288 5.7

Black 402 7.0 603 5.8 1161 5.2

Asian/other 410 7.1 976 9.4 1312 5.9

Location

Frontal lobe 1434 25.0 2653 25.5 5781 25.8

Temporal lobe 1045 18.2 1938 18.6 4548 20.3

Parietal lobe 766 13.4 1449 13.9 3125 13.9

Occipital lobe 147 2.6 291 2.8 762 3.4

Overlapping 1238 21.6 2238 21.5 3897 17.4

Cerebellum 124 2.2 203 1.9 344 1.5

Brainstem 249 4.3 437 4.2 934 4.2

Ventricle 97 1.7 151 1.5 263 1.2

Cerebrum 277 4.8 470 4.5 1129 5.0

Brain NOS 359 6.3 582 5.6 1636 7.3

Histology

Astrocytoma, NOS (WHO I and II) 706 12.3 1091 10.5 2260 10.1

Anaplastic astrocytoma (WHO III) 599 10.4 993 9.5 1792 8.0

GBM (WHO IV) 3094 53.9 5868 56.4 12,714 56.7

Protoplasmic/fibrillary Astrocytoma 87 1.5 137 1.3 421 1.9

Unique astrocytoma variants 34 0.6 48 0.5 96 0.4

Ependymoma 172 3.0 298 2.9 563 2.5

Mixed glioma 226 3.9 412 4.0 720 3.2

Glioma, NOS 369 6.4 662 6.4 1570 7.0

Oligodendroglioma 325 5.7 653 6.3 1714 7.6

Anaplastic oligodendroglioma 124 2.2 250 2.4 569 2.5

Laterality

Ipsilateral 5673 98.9 10325 99.2 22,291 99.4

Bilateral 35 0.6 48 0.5 64 0.3

Paired, unknown laterality 28 0.5 39 0.4 64 0.3

CCR, California Cancer Registry; GBM, glioblastoma multiforme; LA, Los Angeles County; NOS, not otherwise specified; SEER, National Cancer Institute’s Surveillance, Epidemiology, and End

Results; WHO, World Health Organization.
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U.S. population-based cancer registries
that participate in the SEER program were
included for the entire time period from
1992 to 2006. The registries were those
serving the entire states of Connecticut, Ha-
waii, Iowa, New Mexico, Utah, and the met-
ropolitan areas of Atlanta (Georgia), De-
troit (Michigan), San Francisco–Oakland
(California), Seattle–Puget Sound (Wash-
ington), Los Angeles (California), San Jo-
se–Monterey (California), rural Georgia,
and the Alaska Native Tumor Registry.
SEER program registries routinely collect
cancer patient demographic and medical
records including primary tumor size, tu-
mor site and histology, and stage of dis-
ease at time of diagnosis. The population

Figure 1. AAIR trends of all gliomas by anatomica
Increased AAIRs were noted for all frontal lobe
toward increased AAIR was also noted for temp
did not reach statistical significance. Decreases
overlapping regions (�2.9% to �3.6% APC, P �

annual percent changes.

520 www.SCIENCEDIRECT.com
overed by the SEER program is compara-
le to the general U.S. population with
egard to the socioeconomic status and
ducation level, with somewhat higher
roportions of foreign-born and more liv-

ng in urban areas (5). Data were also
btained from the Los Angeles Cancer Sur-
eillance Program (LAC), the population-
ased SEER program registry that covers Los
ngeles County, California (the SEER file

hat was used does not include LAC). Those
ata were used to evaluate the trends of inci-
ence by age, gender, race/ethnicity, tumor
ite, histological subtype, and tumor lateral-
ty. The statewide California Cancer Registry
CCR), which includes LAC, was also exam-
ned.

site in 3 major cancer registries (1992 to 2006).
s (�1.4% to �1.7% APC, P � 0.012). A trend
be lesions (�0.5% to �0.9%), although this

IRs were noted for gliomas located in
2). AAIR, age-adjusted incidence rates; APC:
A

WORLD NEUROSURGE
Patients with histologically confirmed pri-
ary CNS gliomas diagnosed between 1992

nd 2006 were included (Table 1). CNS gli-
ma was defined by the International Classi-
cation of Disease for Oncology, third edition

ICDO-3) topography codes C71.0–C71.9 and
istology codes 9380–9480. Patients with pi-

ocytic astrocytoma (histology code of 9421),
euroepithelial lesions (histology codes of
381, 9423, 9430, 9444), and choroids plexus
eoplasms (histology code of 9390) were ex-
luded from the study.

Data were examined by histological sub-
ype, subsite, and tumor size. Histological
ubtypes included were glioblastoma multi-
orme (World Health Organization [WHO]
V, ICDO-3 histology codes 9440, 9441,
442), anaplastic astrocytoma (WHO III,
CDO-3 histology codes 9401, 9411), and low-
rade astrocytoma (WHO I and II, ICDO-3
istology code 9400). Subsite was defined as

CDO-3 topographic codes (C71.0 – Cere-
rum, C71.1 – Frontal lobe, C71.2 – Temporal

obe, C71.3 – Parietal lobe, C71.4 – Occipital
obe, C71.5 – Ventricle, Not otherwise speci-
ed, C71.6 – Cerebellum, Not otherwise spec-

fied, C71.7 – Brain stem, C71.8 – Overlapping
esion of brain, C71.9 – Brain, Not otherwise
pecified).

The annual age-adjusted incidence rate
AAIR) was calculated for each brain tumor
istologic subtype and subsite for the 3 reg-

stry groups from 1992 to 2006 using
EER*Stat 6.5.2 (Seer*Stat, version 6.5.1,
pril 2009; http://seer.cancer.gov/seerstat/),
nd the 2000 U.S. standard population was
sed for age standardization in 5-year age
roups. Annual percent changes (APC) in
AIRs were then calculated, and signifi-
ance in AAIR trends was assessed using
oin-point analysis (Joinpoint Regression
rogram, version 3.3, April 2008). http://
eer.cancer.gov/resources/). We consid-
red a 2-sided P � 0.05 as statistically sig-
ificant. LAC data contain more detailed
atient demographic and tumor charac-

eristic data, including census tract of
iagnosis. We performed Poisson regres-
ion analysis to assess the trends adjust-
ng for potential confounders in LAC
ata. We included the following factors in

he Poisson regression model by fitting a
odel using dichotomous or ordinal val-

es: age (0 to 19, 20 to 64, 65� years),
ender, race/ethnicity (non-Hispanic whi-
e, Hispanic white, African American, and
l sub
glioma
oral lo
in AA

0.00
sian/other), and socioeconomic status

RY, DOI:10.1016/j.wneu.2011.05.051
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(high, medium, and low). Socioeconomic
status was developed by LAC described else-
where (12, 13). SAS statistical software
(SAS, version 9.1. Cary, NC, USA: SAS Insti-
tute, 2002–2003) was used for all regres-
sion analysis.

Table 2. Annual Percent Change of all G
Registries, 1992 to 2006

Brain Region

LAC

APC P Value

Frontal �1.7% 0.012

Temporal �0.9% NS

Parietal �2.0% NS

Occipital �0.6% NS

Overlapping �3.1% �0.001

Ventricle �4.2% 0.055

Cerebellum �0.4% NS

Brainstem �1.3% NS

Cerebrum �3.9% 0.039

Brain, NOS �2.4% 0.064

All sites �0.8% 0.034

APC, annual percent changes; CCR, California Cancer Regis
not significant; SEER, National Cancer Institute’s Surve

Table 3. Annual Percent Change of GBM
Registries, 1992–2006

Brain Region

LAC

APC P Value

Frontal �3.0% 0.001

Temporal �2.3% 0.010

Parietal �0.5% NS

Occipital �1.2% NS

Overlapping �2.1% 0.006

Ventricle N/A N/A

Cerebellum N/A N/A

Brainstem N/A N/A

Cerebrum �5.4% NS

Brain, NOS �0.2% NS

All sites combined �0.5% NS

APC, annual percent changes; CCR, California Cancer Reg
NOS, not otherwise specified; N/A, not significant; NS

Epidemiology, and End Results.

WORLD NEUROSURGERY 77 [3/4]: 518-5
ESULTS

verall Demographics
he numbers of reported histologically
onfirmed cases were 5736 (LAC), 10,412
CCR), and 22,419 (SEER). Patient demo-

s by Brain Region in 3 Major Cancer

CCR SEER 12

C P Value APC P Value

% 0.004 �1.6% �0.001

% NS �0.5% NS

% NS �0.7% NS

% NS �0.0% NS

% 0.002 �2.9% �0.001

% 0.011 �3.7% 0.046

% NS �3.4% 0.014

% NS �0.6% NS

% 0.016 �1.1% NS

% 0.013 �3.3% �0.001

% 0.006 �0.5% 0.004

C, Los Angeles County; NOS, not otherwise specified; NS,
, Epidemiology, and End Results.

rain Region in 3 Major Cancer

CCR SEER 12

PC P Value APC P Value

2.4% �0.001 �2.5% �0.001

1.9% 0.026 �1.3% 0.027

0.1% NS �0.3% NS

0.6% NS �0.5% NS

2.8% 0.015 �2.0% 0.013

/A N/A �3.8% NS

1.9% �0.001 �1.6% NS

/A N/A �2.7% NS

1.4% NS �0.6% NS

0.0% NS �1.7% NS

0.3% NS �0.4% NS

BM, glioblastoma multiforme; LAC, Los Angeles County;
ignificant; SEER, National Cancer Institute’s Surveillance,
G

24, MARCH/APRIL 2012 ww
raphic characteristics for the 3 registries
nalyzed are highlighted in Table 1. Distri-
utions of age and sex were similar, and the
ale/female ratio remained relatively con-

tant across all 3 registries analyzed (1.2,
.3, 1.3 for LAC, CCR, and SEER, respec-
ively). Therefore, data were analyzed for

ale and female subjects combined. Signif-
cant differences in race/ethnicity were noted
mong the 3 registries, with a greater propor-
ion of non-Hispanic white subjects in SEER
ata than in both CCR and LAC (83% vs. 65%
s. 59%, respectively). This difference is likely
result of the higher ethnic diversity in Cali-

ornia and Los Angeles County than in the
ation as a whole. Finally, no major differ-
nces in tumor location, histological subtype,
r tumor laterality were noted when compar-

ng the 3 registries.

umor Type
ll Gliomas. The combined AAIRs of all
liomas in all 3 registries decreased over the
tudy period, ranging between �0.5% and

0.8% APC (P � 0.034) (Table 2). How-
ver, increases in AAIR were noted for all
rontal lobe gliomas (�1.4% to �1.7%
PC, P � 0.012) (Figure 1). A trend toward

ncreased AAIR was also noted for temporal
obe lesions (�0.5% to �0.9% APC), al-
hough this did not reach statistical signifi-
ance. No statistically significant changes
ere noted for the parietal or occipital lobes,

nd decreases in AAIRs were noted for glio-
as located in overlapping regions (�2.9%

o �3.6% APC, P � 0.002). AAIRs of all cere-
ellar gliomas were also noted to be de-
reased in SEER (�3.4% APC, P � 0.014).

lioblastoma Multiforme (WHO IV)
he overall incidence of glioblastoma mul-

iforme (GBM) in the frontal lobes in-
reased in all 3 registries (�2.4% to �3.0%
PC, P � 0.001) over the time period 1992 to
006 (Table 3). Furthermore, an increase in
emporal lobe GBM was noted (�1.3% to

2.3% APC, P � 0.027) as well (Figure 2).
o statistically significant trends were ob-

erved for GBM in the parietal or occipital
obes. Increased AAIRs in cerebellar GBMs

ere noted in both CCR (APC �11.9%) and
EER (APC �1.6%), although this only
eached statistical significance in the CCR
ata (P � 0.001). A decrease in the AAIRs of
lioma

AP

�1.4

�0.7

�1.3

�1.4

�3.6

�4.4

�0.2

�1.1

�3.1

�2.7

�0.8

try; LA
by B
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BM located in overlapping regions was
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noted in all 3 registries (�2.0% to �2.8%
APC, P � 0.015).

Anaplastic Astrocytoma (WHO III)
A notable decrease in the AAIR of frontal
lobe anaplastic astrocytoma (AA) was ob-
served, yet this reached statistical signifi-
cance only in LAC (�4.5% APC, P � 0.01)
(Table 4). A decrease in temporal lobe AA
was noted in all 3 registries (APC was
�3.8%, �4.2%, and �2.8%, for LAC, CCR,
and SEER, respectively), but only the CCR
reached statistical significance (P � 0.028).

Figure 2. AAIR trends of GBMs by anatomical su
The AAIR of GBM increased in the frontal lobes
lobes (�1.3% to �2.3% APC, P � 0.027) in all
observed in the parietal or occipital lobes. A dec
in all 3 registries (�2.0% to �2.8% APC, P � 0
annual percent changes; GBM, glioblastoma mu
Finally, a decrease in overlapping region AA

522 www.SCIENCEDIRECT.com
was noted in all 3 registries (�3.4% to
�9.6% APC, P � 0.021).

Low-Grade Astrocytoma (WHO I and II)
Decreases in the AAIR of low-grade astrocy-
toma were observed in the frontal lobe re-
gion (�4.1% to �7.7% APC, P � 0.016)
(Table 5). In the temporal lobe, decreased
AAIRs were observed only in SEER (�5.5%,
P � 0.002). In the parietal lobe, signifi-
cantly decreased AAIRs were noted in all 3
registries (�6.6% to �9.7% APC, P �
0.009). Finally, decreased AAIRs were

in 3 major cancer registries (1992 to 2006).
% to �3.0% APC, P � 0.001) and temporal

stries. No statistically significant trends were
in AAIRs was observed in overlapping regions
AAIR, age-adjusted incidence rates; APC,
e.
noted for overlapping region low-grade as- d

WORLD NEUROSURGE
trocytoma in all 3 registries (�7.3% to
�8.5% APC, P � 0.003).

Tumor Size
Analysis of tumor size into groups�4 cm and
�4 cm demonstrated significant increases in
both groups of tumors in all registries. For
smaller tumors (�4 cm), APCs demonstrated
statistically significant increases in all 3 regis-
tries (APC �1.4% to �3.7%). For larger tu-
mors (�4 cm), APCs were significantly in-
creased in all 3 registries as well (APC �1.2%
to �2.6%). APCs in the unknown tumor size
group in all 3 registries decreased (APC
�4.8% to �5.3%).

DISCUSSION

In the current study, incidence data from 3
large cancer registries were analyzed to iden-
tify trends in histologically confirmed pri-
mary CNS gliomas by histological subtype
and anatomic location between the years 1992
and 2006. Although the overall incidence of
primary malignant brain tumors decreased
over the time period, significant increases in
the AAIRs of frontal (APC�2.4% to�3.0%, P
� 0.001) and temporal (APC �1.3% to
�2.3%, P � 0.027) lobe GBMs were observed
across all registries. Furthermore, increased
AAIRs were noted in cerebellar GBMs as well,
according to CCR data (APC �11.9%, P �

.001). In the parietal and occipital lobe, how-
ver, no statistically significant changes in
BM incidence were observed. Additionally,
ecreased AAIRs of low-grade astrocytoma
nd AA were observed in the majority of brain
egions, and significantly decreased AAIRs of
ll glioma subtypes, including GBM, were
oted to occur in overlapping regions in all 3
egistries.

Annual percent increases in the AAIRs of
rontal/temporal lobe and cerebellar GBM,
et in no other regions of the brain, coupled
ith the observed decreases in lower grade

strocytoma and AA incidences in these same
egions, suggest a real increase in the abso-
ute incidence of gliomas in these regions.
he increased trends of AAIRs for frontal and

emporal lobe GBM remained statistically sig-
ificant after adjusting for age, gender, race/
thnicity, and socioeconomic status in LAC.
he environmental or genetic explanations

or such an observation remain speculative at
his time. Future studies are clearly required to
bsite
(�2.4

3 regi
rease
.015).
etermine whether any environmental factors

RY, DOI:10.1016/j.wneu.2011.05.051
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are related to the observed anatomical inci-
dence trends in this report.

A potential explanation of our findings is
an effect of diagnostic bias accompanying
the increased volume of neuroimaging that
has occurred over the last 2 decades. It is

Table 4. Annual Percent Change of AA b
1992 to 2006

Brain Region

LAC

APC P Value

Frontal �4.5% 0.010

Temporal �3.8% 0.085

Parietal �7.2% 0.053

Occipital N/A N/A

Overlapping �9.6% �0.001

Ventricle N/A N/A

Cerebellum N/A N/A

Brainstem N/A N/A

Cerebrum �0.5% NS

Brain, NOS N/A N/A

All sites combined �5.6% �0.001

AA, anaplastic astrocytoma; APC, annual percent changes;
not otherwise specified; N/A, not significant; NS, n
Epidemiology, and End Results.

Table 5. Annual Percent Change of Low-
3 Major Cancer Registries, 1992 to 2006

Brain Region

LAC

APC P Value

Frontal �7.7% 0.016

Temporal �4.3% NS

Parietal �9.7% 0.006

Occipital N/A N/A

Overlapping �7.3% 0.003

Ventricle N/A N/A

Cerebellum N/A N/A

Brainstem N/A N/A

Cerebrum �7.8% 0.025

Brain, NOS N/A N/A

All sites �6.7% �0.001

APC, annual percent changes; CCR, California Cancer Regis
not significant; NS, not significant; SEER, National Canc
World Health Organization.
well known that gliomas have a preponder- s

WORLD NEUROSURGERY 77 [3/4]: 518-5
nce for originating in the frontal and tem-
oral lobes, even after adjusting for differ-
nces in the surface areas of these regions
2, 10). The observations in this study may
herefore be a byproduct of significant in-
reases in diagnostic imaging use and sen-

in Region in 3 Major Cancer Registries,

CCR SEER 12

PC P Value APC P Value

2.1% NS �0.9% NS

4.2% 0.028 �2.8% NS

5.1% 0.039 �3.2% 0.066

/A N/A �1.9% NS

8.1% �0.001 �3.4% 0.021

/A N/A N/A N/A

/A N/A N/A N/A

/A N/A N/A N/A

3.6% NS �2.2% NS

3.7% �0.001 �10.0% �0.001

4.7% �0.001 �2.9% �0.001

alifornia Cancer Registry; LAC, Los Angeles County; NOS,
ificant; SEER, National Cancer Institute’s Surveillance,

e Gliomas (WHO II) by Brain Region in

CCR SEER 12

C P Value APC P Value

% 0.004 �4.1% 0.009

% NS �5.5% 0.002

% 0.009 �6.6% �0.001

N/A �7.1% 0.079

% �0.001 �8.5% �0.001

N/A N/A N/A

% 0.05 �12.4% �0.001

N/A �10.2% �0.001

% 0.019 �7.2% 0.058

% 0.022 �6.6% 0.003

% �0.001 �6.5% �0.001

, Los Angeles County; NOS, not otherwise specified; N/A,
itute’s Surveillance, Epidemiology, and End Results; WHO,
itivity, such as computed tomography and i
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agnetic resonance imaging, occurring
orldwide over the last 2 decades (15, 17).
s more routine imaging studies are per-

ormed and more lesions are diagnosed in-
identally, the observed proportions of le-
ions located in the frontal and temporal
obes may increase as they approach the ab-
olute proportion of gliomas located in
ach region in the general population. Fur-
hermore, tumors originating in the frontal
obes may have a tendency to remain clini-
ally silent and not come to medical atten-
ion for a longer time period than tumors in
ther locations. It is therefore possible that
apid increases in the volume of brain imag-
ng have caused more clinically silent and
ossibly smaller lesions to be diagnosed at
n earlier stage than larger, overlapping re-
ion tumors that may come to clinical atten-

ion at an earlier time. The decreased AAIRs
f overlapping brain lesions in all 3 major

umor registries for all histological sub-
ypes lends some support to this explana-
ion. However, our analysis of tumor size at
he time of diagnosis did not suggest a trend
oward smaller tumor size at diagnosis,
hich would be expected if more tumors were
eing diagnosed at earlier growth stages.

Although less likely, yet another potential
xplanation for the observed trends in tumor
opography in the current study is a change in
oding practices of anatomic locations or his-
ologic subtypes for gliomas over the time pe-
iod analyzed. Previous studies have reported
igh-quality consistency for ICD-0 coding of
rimary malignant brain tumors, with the ex-
eption of mixed gliomas and unspecified tu-
ors (3). Additionally, all cases included in

he current study were histologically con-
rmed lesions, reducing the effect introduced
y a potential increase in empiric treatment
or incidentally diagnosed lesions. The de-
reased AAIRs of low-grade astrocytoma and
A in these registries may lend support to the

dea that changes in WHO criteria or improve-
ents in histopathological techniques for di-

gnosing GBM may have caused more tumors
o be included in this more malignant cate-
ory. It is also possible that decreased AAIRs
f lower-grade lesions were observed because

hey were instead designated as related enti-
ies such as oligodendroglioma. A separate
nalysis, however, did not reveal a steady in-
rease in the diagnosis of WHO grade II or III
ligodendroglioma over the same time period
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The analysis by tumor size showed sig-
nificant decreases in the incidence of un-
known size, whereas all other size catego-
ries showed increased incidence rates.
These observations may suggest improved
reporting and coding practices over the last
2 decades. However, if this phenomenon
held true for the observations in anatomical
location data, it would therefore be ex-
pected that this effect would occur in the
other lobes of the brain as well; the AAIRs of
GBM in the parietal and occipital lobes did
not change significantly over the last 15
years, whereas notable increases were ob-
served in the frontal and temporal lobes.

Finally, other possible explanations for
observed trends could be from changes in
environmental factors, natural variations
over time, ICD9 coding of operable versus
inoperable tumors, and lower thresholds in
the use of magnetic resonance imaging for
patients with mild symptoms.

CONCLUSIONS

A review of 3 large cancer registries over a
15-year period showed overall decreased rates
of primary malignant brain tumors in all sites,
with the notable exceptions of increased inci-
dence of GBM in the frontal lobes, temporal
lobes, and cerebellum. Although these results
may represent an effect of diagnostic bias or
refinements in anatomical subsite coding, an
environmental cause of the increases of high-
grade frontal and temporal lobe malignancies
cannot be ruled out. Further studies are indi-
cated to establish whether a correlation with
environmental factors exists.
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